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ESnet Has Experienced Exponential Growth Since 1992

ESnet Monthly Accepted Traffic
250
200 Annual growth in the past five 1
_E years has increased from 1.7x
- annually to just over 2.0x
(@) 150 annually.
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Roll forward analysis is probably too-¢onservative
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Office of Science Data Movement Requirements by 2008

Roll back analysis may be inflated

Current S years 5-10 Years
End-to-End End-to-End End-to-End General Remarks
Science Throughput Throughput Throughput
Areas
High Energy 0.5 Gbps 100 Gbps E2E 1.0 Tbps high throughput
Physics
Climate Data & 0.5 Gbps 160-200 Gbps n Tbhps high throughput
Computations
SNS (under 1.0 Gbps Tbps & control | remote control &
NanoScience construction) | steady state channels high throughput
Fusion Energy 500MB/min 500MB/20sec n Tbhps time critical
(burst mode) (burst mode) transport
Astrophysics 1TB/week N*N multicast 1TB+ & Computational
stable streams steering
& collaborations
Genomics 1TB/day 100’s users Thbps & control

channels

high throughput &
steering




What is Happening Now?

* What will be the impact of Grids?

o The LHC data requirements are coming into focus as LHC
moves to more and more realistic simulated production
runs (“data challenges”)

o This provides some clues as to how Grids will impact the
network

10



High Energy Physics Data Management

CERN / LHC Data: One of Science’s most challenging data
management problems

Online System ~100 _event
, MBy‘l‘es/ sec simulation

~PByte/sec
Tier 0 +1

« 20% Of raw data +

reconstruction| all reconstructed
data = 600 Mb/s

e experiment
specific data
= 1 Gb/s

* Analysis on Grids

CERN LHC cMS detector
15m X 15m X 22m, 12 500 tons, $700M.

~2.5 Gbits/sec

French
Brookhave

FermiLab

Regional
anter CMS Tier 1 Atlas Tier] = X2
e headroom
' provisioning
falysis — X1.5-2

* giving 3-4 Gb/s

~0.6-2.5 Gbps

CERN/CMS data goes to 6-8 Tier 1 regional centers,
and from each of these to 6-10 Tier 2 centers.

Physicists work on analysis ‘channels” at 135

100 - 1000
\Qb.fs /sec institutes. Each institute has ~10 physicists working
A on one or more channels.

Physics data
cache b
Courtesy |G (T J == X_ Tier 4
H = 1En) ey . . . :
Ne(\]; r\:\izl\, == _J 2000 physicists in 31 countries are involved in this

CalTech "_ﬁ/ﬁo,«;;smf,ons 20-year experiment in which DOE is a major player.




The Challenge

* The LHC (Atlas and CMS) appear to have real and

near-term needs for substantial CERN —US
bandwidth increases to DOE Labs

* Re-engineer the network to

o manage the dramatic local loop bandwidth increases

o accommodate the increases needed at the International
peering points
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ESnet MAN Based Architecture — Phasel

New York (AOA)

Washington, DC (DC)
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ESnet MAN Based Architecture — Phase2-3

New York (AOA)

Chicago (CHI) ool

J- “ Washington, DC (DC)

L/

The Hubs have lots
of connections Backbone

(42 in all) (optical fiber ring

P Atlanta (ATL) MAN A circuits are
carried through the

Sunnyvale (SNV / core on dynamically
" provisioned MPLS

paths
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ESnet Site
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@
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ESnet Architecture — Future:
End-to-End Optical Transparency

The hub and border router

: New York (AOA)
Ch CHI )
200 (CHD IP production network
Washington remains, but based on
multi-A Interconnected
Backbone P rings that also provide
Sunnyvale (sNv) | ||((Optical fiber rin e B dynamically provisioned,
s end-to-end circuits
The Hubs have I6ts El Paso (ELP)
of connections
(42 in all) ESnet Site
& < responsibility | responsibility >
N
A based ESnet Site
- MAN Cross DOrder | gateway
optical fiber ring connect router | DMz | router




International Connectivity

* Harvey Newman estimates that LHC will need

3-4 As to CERN to satisfy LHC. Can they afford
that? Two might be available now if you can call you
network and R&D project, But will that work longterm

for HEP?
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